Background-Immune system dysfunction is implicated in the pathophysiology of major depression, and is hypothesized to normalize with successful treatment. We aimed to investigate immune dysfunction in melancholic depression and its response to ECT.
INTRODUCTION The Cytokine Theory of Depression
The cytokine theory of depression postulates that major depressive disorder (MDD) results from enhanced production of peripheral proinflammatory cytokines which, acting as neuromodulators, represent the key factor in the (central) mediation of the behavioral, neuroendocrine and neurochemical features of depression (Schiepers et al., 2005) .
Significant empirical support exists for a link between inflammation and depression, including: sickness behaviour, a syndrome that mimics several symptoms of depression following infection (Dantzer and Kelley, 2007; Dantzer et al., 2008; Goshen et al., 2008) ; development of a selective serotonin re-uptake inhibitor (SSRI)-responsive depression following cytokine immunotherapy (Capuron et al., 2002; Capuron et al., 2009) ; increased rates of depression in populations with inflammatory conditions (Gold and Irwin, 2009; Kurd et al., 2010; Lichtman et al., 2008; Uguz et al., 2009) ; the association of immune dysregulation with psychological stressors that often precede episodes of depression (Carroll et al., 2011; Cole et al., 2007; Danese et al., 2009; Miller and Cole, 2012) ; the interaction of cytokines with the pathophysiological processes of depression ; and the observation that antidepressants can have immunomodulating properties (Guloksuz et al, 2014) . The evidence that a significant subset of depressed persons demonstrate upregulation of inflammatory markers also supports the complex, and likely bidirectional, relationship between depression and inflammation (Howren et al., 2009 ).
The most consistently replicated findings are for interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and the acute phase protein C-reactive protein (CRP) (Dowlati et al., 2010; Howren et al., 2009; Raison et al., 2006) . Studies have shown evidence for increased proinflammatory to anti-inflammatory ratios in depressed populations (Dhabhar et al., 2009; Song et al., 2007) . Peripheral pro-inflammatory cytokines are known from animal models to affect glial cell function, neurotrophic systems, and result in decreased neurogenesis, via free radical and glucocorticoid production (Song and Wang, 2011) . However, the emerging evidence base on the association between depression and inflammation is complicated by numerous contradictory and negative studies coupled with wide variability in the reported levels of inflammation (Glassman & Miller, 2007) . These conflicting study findings may partly be accounted for by the heterogeneity of the patient populations fulfilling criteria for diagnosis of MDD. It has been noted that increased consistency and specificity may be achieved by differentiating between clinical subtypes of depression (Baune et al., 2012; Lamers et al., 2013) .
Melancholic Depression as a distinct subtype of Major Depressive Disorder
In DSM-5, melancholic depression is a subtype characterized by profound anhedonia, a distinct quality of depressed mood, diurnal mood variation, insomnia with early morning wakening, excessive guilt, significant anorexia or weight loss, and psychomotor retardation or agitation (American Psychiatric Association (APA), 2013). The proposed concept of melancholia as a biologically distinct subtype is supported by studies showing that it is more frequently associated with higher plasma noradrenaline levels (Gold et al., 2005; Kelly and Cooper, 1997; ; hypercortisolaemia, as reflected in non-suppression of the dexamethasone suppression test (Shorter and Fink, 2010; Taylor and Fink, 2006) ; characteristic disturbances of the sleep architecture in electroencephalogram profiles (Armitage, 2007) ; and psychomotor disturbance, as measured by the CORE scale (Parker & Hadzi-Pavlovic, 1996) . Melancholia has historically been considered to be predictive of a positive response to electroconvulsive therapy (ECT) and recent studies support this hypothesis (Fink et al., 2007; Hickie et al., 1996; Parker et al., 2001; Rasmussen, 2011) .
Although some subtypes of depression have been linked with elevated inflammation (e.g., O'Donovan et al., 2013; Lanquillon et al., 2000; Raison et al., 2013) , the field of psychoneuroimmunology has thus far offered only a few studies into differences in immune function in melancholic versus non-melancholic depression. One study found that cytokine production was reduced in acutely depressed melancholic patients, and normalized after treatment; whereas no change in cytokine production was observed in non-melancholic patients (Rothermundt et al., 2001b) . Another study demonstrated activation of the hypothalamic-pituitary-adrenal (HPA) axis in melancholic patients, with partial normalization upon remission, but failed to demonstrate activation of the cytokine system. (Kaestner et al., 2005) . A positive association between serum levels of IL-6 and brainderived neurotrophic factor (BDNF) was recently found in depressed patients, with IL-6 being a robust predictor of BDNF only in the melancholic depressed subgroup (Patas et al, 2014) .
Immunological effects of ECT
There is strong evidence that ECT is an effective treatment for severe depression (Kennedy et al., 2009; UK ECT Review Group 2003) . However, since ECT was first introduced into psychiatric clinical practice in 1938 (Shorter and Healy, 2007) , no consensus has yet emerged regarding its mechanism of action. The prevailing hypothesis is that ECT causes an alteration in the post-synaptic response to central nervous system (CNS) neurotransmitters; while promising animal research shows ECT can enhance hippocampal neurogenesis (Madsen et al., 2000; Perera et al., 2007) . Successful ECT treatment has been shown to correlate with normalisation of HPA axis dysregulation (Bolwig, 2011) . However, the immunological effects of ECT have received only limited research attention to date in small study samples. A recent review notes that ECT induces a transient immune activation, while repeated ECT may down-regulate immune activation, but this evidence is based on small studies (Guloksuz et al, 2014) .
The first study exploring the effect of ECT on plasma cytokines demonstrated a dramatic increase in IL-6 ten minutes after seizure induction (Kronfol et al., 1990) . This was replicated by a later study, which also showed an acute increase in IL-1β for up to 6 hours after ECT (Lehtimaki et al., 2008) . Other acute effects of ECT include an increase in NK cell activity (Albrecht et al, 1985) , IL-6 activity (Kronfol et al, 1990) , leucocytes, IL-6, IL-10, and TNF-α (Fluitman et al, 2011) .
Immunological effects following a course of ECT include increased numbers of activated lymphocytes (Fischler et al, 1992) , reductions in pro-inflammatory cytokines IL-5 and eotaxin-3 (Rotter et al, 2013) ; and reductions in TNF-α, levels of which were shown to decrease in severely depressed patients along with clinical improvement with ECT, to become comparable to healthy controls by the end of the study (Hestad et al., 2003) . Acute decreases in the absolute number of total blood lymphocytes and T8 + and Leu11 + cell subsets one hour after a single ECT session have also been shown in ten MDD patients (Fischler et al., 1992) . In a separate study of ten MDD patients, baseline low levels, hypofunctionality and poor immunoreactivity of leukocyte G proteins normalized with ECT, and this normalization of G protein measures preceded, and thus predicted, clinical improvement (Avissar et al., 1998) . The existing study findings, although limited, indicate that ECT can act as an immunomodulatory agent by altering levels of cytokines and other immune markers most likely in the CNS, which are measurable in peripheral plasma.
Animal studies of electroconvulsive stimuli have shown an increase in brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF) in brains of rats, notably in hippocampal and frontal areas (Angelucci et al, 2002) ; although other researchers have not demonstrated an increase in serum BDNF following electroconvulsive series in rats (Kyeremanteng et al, 2012) . Monocyte secretion of BDNF has been demonstrated to be enhanced by IL-6 and TNF-α (Schulte-Herbrüggen et al, 2005) ; and positive association between IL-6 and BDNF has been found in clinical patients (Patas et al, 2014) . Van Buel et al (2015) in a recent review of the literature, note the bidirectional influence of immune system activation and neurotrophins; and postulate that the acute increases in cytokines following ECT (such as IL-6), stimulate neurotrophin release, thus leading to hippocampal neurogenesis and clinical response.
Study Aims and Hypotheses
The aim of our study was to investigate differences in inflammatory markers between patients with melancholic major depression and healthy controls, and further to investigate the effect of ECT on the cytokine profiles of melancholic patients. Levels of the proinflammatory cytokines IL-6 and TNF-α, the anti-inflammatory cytokine IL-10, the regulatory cytokine TGF-β, and the acute phase protein CRP were measured in hospital inpatients with melancholic MDD and healthy controls. We hypothesized that cytokine markers would differentiate melancholic from healthy populations, with higher levels of proinflammatory markers and lower anti-inflammatory markers in the melancholic group. We also hypothesized that melancholic patients treated with ECT would show acute changes in cytokine variables, particularly IL-6, within 1-hour of their first ECT session and at 48-hours after completion of the ECT treatment series. Lastly, we predicted that melancholic patients' clinical presentation would correlate with cytokine levels after ECT series completion, in keeping with the cytokine theory of depression, which relates a reduction in proinflammatory cytokines to improvement in mood.
METHODS

PARTICIPANTS
The study sample consisted of 55 hospital in-patients with a primary diagnosis of melancholic depression and 26 healthy age-and sex-matched controls. In-patients with melancholic depression were recruited from two large urban hospitals, St. Patrick's University Hospital and St. Vincent's University Hospital, in Dublin, Ireland. The control sample was recruited through local advertisements. All participants underwent a comprehensive medical history, psychiatric assessment (MINI and HAM-D), physical examination and routine blood testing. Neither patients nor controls had any active alcohol or substance misuse disorders, and patients were not taking regular anti-inflammatory medications. Exclusion criteria included the presence of a chronic illness, an acute infection or allergy, however obesity was not an exclusion criterion. Patients without a primary diagnosis of the melancholic subtype of MDD, patients with an involuntary status, or patients who had received ECT in the three months preceding recruitment were also excluded. All controls lacked any psychiatric history and did not take any psychotropic medications. All patients were prescribed psychotropic medications. The institutional committees at each of the hospitals where data were collected approved the study, and written informed consent was obtained from all participants.
MEASURES
Psychiatric Diagnosis-The diagnosis of the melancholic subtype was confirmed using the Mini International Neuropsychiatric Instrument 5.0.0 (MINI). This is a structured interview for the assessment of psychiatric symptoms and disorders based on the Diagnostic and Statistical Manual of the American Psychiatric Association (DSM-IV-TR). A validation study comparing the MINI with the Structured Clinical Interview for DSM-IV yielded a high diagnostic concordance for MDD (Sheehan, 1998) . Either feature 1 or 2 in the DSM-IV Criteria A and three (or more) features from Criteria B must be present to qualify for melancholic features (APA, 2000) . Two trained interviewers conducted all interviews.
Depression Severity, Response, Remission-Severity of depression was assessed with the Hamilton Rating Scale for Depression (HAM-D), a structured interview that assesses the severity of 17 depressive symptoms during the past week and can be used as a guide to evaluate recovery over time (Hamilton, 1960) . Response was defined as a decrease from baseline of at least 50% on the HAM-D 17 total score. Remission was defined as a HAM-D 17 total score of ≤ 7. The same trained and calibrated interviewers who conducted the MINI administered the HAM-D.
Demographic and Clinical Information-Demographic and clinical information was collected at the time of the initial structured interview through self-report and was validated by medical chart review when necessary and possible. Patients reported on the duration of their present episode, number of prior episodes of depression, number of past episodes of deliberate self-harm, and the presence or absence of a family history of depression.
Inflammatory Markers-Samples were collected in 5 ml EDTA coated tubes (BD Vacutainer, Franklin Lakes, NJ). High-sensitivity enzyme-linked immunosorbent assays (ELISAs) were used to quantify plasma levels of IL-6, IL-10, TNF-α (R&D Systems, Minneapolis, MN) and TFG-β (BD Biosciences, Franklin Lakes, NJ). High sensitivity CRP analyses were conducted by means of a particle-enhanced immunonephlebotometry assay using CardioPhase hsCRP reagents on the BN System (Dade Behring, Deerfield, IL). The detection range for IL-6 was 0.016-0.110 pg/ml. The intra-assay coefficient of variation was 7.8% at the 2.45 pg/ml level and the inter-assay coefficient of variation was 7.2% at the 2.78 pg/ml level. The lower limit of detection for IL-10 was 0.5 pg/ml. The intra-assay coefficient was 8.5% at 17.7 pg/ml and the inter-assay coefficient was 10.2% at 6.28 pg/ml. The detection range for TNF-α was 0.038-0.191 pg/ml with an intra-assay coefficient of 4.3% at 11.5 pg/ml and an inter-assay coefficient of 7.3% at 10.5 pg/ml. The lower limit of detection for TGF-β was <15.6 pg/ml. The intra-assay coefficient was 5.7% at 577.66 pg/ml and the inter-assay coefficient was 6.6% at 564.1 pg/ml. The lower limit of detection for hsCRP was 0.16 mg/l. All samples were assayed in duplicate.
PROCEDURES
Participant Progress through Study-Of the 55 melancholic depressed patients, 33 were referred for ECT, 22 were not. The decision to refer for ECT was made by the patients' treating psychiatrists, who had no involvement with the present study. The 33 ECT recipients were re-administered the HAM-D within one week of ECT series completion.
Blood Collection Protocol-Baseline fasting blood samples for inflammatory markers were collected from the control group at 8am, on the morning of the interviews. Blood was collected from the 33 ECT treated patients at three separate time points: (1) 8am on the morning of the first ECT session (fasting baseline sample); (2) 1 hour after the first session of ECT; and (3) 48 hours after ECT series completion at 8am (fasting).
ECT Procedure-Electroconvulsive therapy was performed according to the standardized policy at each of the hospitals. All patients received bilateral treatment twice weekly, as per department protocol, using the MECTA spECTrum 5000Q® machine. The patients' treating consultant psychiatrists decided the number of sessions of ECT.
Details of other electroconvulsive therapy parameters (e.g. electrical current, stimulus duration and frequency, number of sessions of ECT, etc.) were not recorded in the present study.
DATA ANALYSIS
Statistical power was calculated using G*Power 3 (Erdfelder et al., 1996) . A sample size of 26 was generated for each arm of the study to compare the healthy and depressed populations, based on a previous study in the literature investigating the effects of a course of ECT on TNF-α (Hestad et al, 2003) . Tests of normality of the distribution of the data were conducted. Independent samples t-tests were used to compare means between samples for all demographic variables and HAM-D scores. Due to non-normal distribution for all inflammatory markers under study (IL-6, IL-10, TNF-α, TGF-β, and CRP), a nonparametric test procedure was employed. The Mann-Whitney U test for unpaired data was used for comparisons between the medians of groups of individuals in relation to each inflammatory marker. In the paired situation, Friedman's test was used a priori, followed by Wilcoxon Signed Ranks test to compare the levels of inflammatory markers (i.e. 1 hour post-session 1 of ECT and 48 hours post-ECT series completion) with the baseline levels (i.e. before the first ECT session) over the three time points. The Pearson product-moment correlation coefficient was performed to examine the relationship between HAM-D scores and each inflammatory marker level before and after ECT. The SPSS software (version 18) was used for all statistical analysis (SPSS, Inc.) and the significance level was set at P < .05.
RESULTS
Sample Characteristics
Control vs Melancholic groups-The control (N = 26) and melancholic major depression (N = 55) groups were compared on a number of demographic variables. There were no significant differences between the two groups in relation to age (t = .135, P = . 893), gender (t = .064, P = .949) or the presence of a positive family history of psychiatric illness (t = −1.042, P = .301). There was a significant difference in HAM-D scores between controls (M = 2.4, SD = 2.4) and the melancholic (M = 31, SD = 9) groups (t = −22.114, P = .000*).
Comparison of Cytokine Profiles in Melancholic and Healthy Samples
Basal levels of cytokines were compared between the control and melancholic groups. IL-6 levels were significantly higher (U = 452, Z = −2.661, P = 0.008) in patients with melancholic MDD compared to healthy controls (Fig. 1a) . Levels of the regulatory cytokine TGF-b were significantly lower (U=324, Z= −2.064, P=0.039) in melancholic patients compared to healthy controls at baseline (Fig. 1b) . No significant differences were detected between the groups for the cytokines IL-10 (U=245, Z=−1.448, P=0.148), TNF-α (U=310, Z= −0.00, P=1.00) or the acute phase protein CRP (U=209, Z= −.163, P=0.87).
Characteristics of Melancholic patients referred to ECT vs Melancholic patients not referred to ECT
Of the 55 melancholic patients, 33 were referred to ECT and 22 were not. The two groups did not differ significantly in any of the cytokine variables tested. Those referred on for ECT did have higher HAM-D scores (34.2 vs 26.7 mean scores; p=0.002) and a longer duration of depression (M=352.23 days, SD=507.22; vs M=43.83, SD=88.17; p=0.004).
The Effect of ECT on Cytokine Levels
A significant acute surge in IL-6 levels occurred between baseline and one hour after the first ECT session (Z = −4.107, assym sig = .000). A significant decline in IL-6 ensued between 1 hour after the first ECT session and 48 hours after ECT series completion (Z = −3.632, assym sig = .000). However, no significant difference was found between IL-6 levels at baseline and after ECT series completion (Z = −.545, asymp sig = .586) (Fig. 2a) . TGF-β levels did not normalize between baseline and ECT series completion and remained lowered (Z = −.229, P = .819). Across the three time points, there were no significant changes in TGF-β levels (χ 2 (2) = .118, P = 0.94, Friedman test) (Fig. 2b ).
No significant difference was found between baseline and post-ECT series completion in the plasma levels of IL-10 (Z = −.019, P = .985), TNF-α (Z = −.545, p=.586) and CRP (Z = −. 307, P = .759). Furthermore, across the three time points under study, no significant changes occurred in the levels of IL-10 (χ 2 (2) = .23, P = .891, Friedman test), TNF-α (χ 2 (2) = 3.583 P = .167) and CRP (χ 2 (2) = .562, P = .755).
Inflammatory Variables and HAM-D Scores
In the ECT treatment group, 70% (N = 23) responded and, of these, 42% (N = 10) achieved remission. Changes in levels of IL-6 and TGF-β were compared to changes in HAM-D scores pre and post ECT series completion. No statistically significant correlation was found between the changes in levels of IL-6 (Spearman's r=0. 
DISCUSSION
This study provides evidence for a peripheral increase in the levels of the proinflammatory cytokine IL-6, and a reduction in the regulatory cytokine TGF-β, in patients with melancholic major depression compared to healthy controls. Although plasma levels of IL-6 increased markedly in response to the first application of ECT; plasma levels of IL-6 and TGF-β did not normalize by ECT series completion. The ECT response rate of 70% in our study compares favorably with reported response rates of 50-60% in a treatment-resistant population (Prudic et al., 1996) , while higher rates of 80-90% have been reported with ECT as a first-line treatment (Petrides et al., 2001 ). The present study showed clinical response to ECT did not correlate with changes in IL-6 or TGF-β levels, indicating that normalization of cytokine levels is not necessary for a positive treatment response. The study failed to detect any significant differences between melancholic and control groups in the basal levels of the cytokine variables IL-10 and TNF-α, or the acute-phase protein CRP. Similarly, no changes in these three variables, nor in TGF-β, were observed following the first seizure induction or completion of the ECT series.
Acute increases in IL-6
ECT resulted in an acute rise in IL-6 following the first seizure induction, in line with previous studies (Kronfol et al., 1990; Lehtimaki et al., 2008) . A short-term rise in proinflammatory cytokines has been demonstrated after every ECT application in a series of ECT treatment (Fluitman, 2011) . Lehtimaki et al. (2008) followed 9 patients for up to 24 hours after each ECT treatment and found that plasma levels of IL-6 were significantly increased at the 3-to 6-hour time points compared with basal levels, and this was highly correlated with the stimulus dose used, implying that neuronal depolarization was the mechanism inducing cytokine release. As IL-1 and IL-6 stimulate the production of neurotropic factors, it has been postulated that increases in both may initiate a cascade of growth factors, resulting in plasticity in neuronal circuits related to depression, thereby potentially explaining the therapeutic effects of ECT (Lehtimaki et al., 2008) . This hypothesis was developed further by van Buel et al (2015) in a review of the evidence for bidirectional interaction between the immunological and neurotropic systems. As peripheral BDNF release is stimulated by IL-6 and TNF-α, and ECT is linked to central release of BDNF; van Buel et al (2015) suggest that a causative link may exist between immunological activation and eventual clinical response, mediated by BDNF.
Non-normalisation of IL-6 despite Clinical Response
Increased plasma levels of IL-6 in depressed patients have been demonstrated in several studies (Lehtimaki et al., 2008; Maes et al., 1997; Penninx et al., 2003; Sluzewska et al., 1996) , including a robust meta-analysis (Dowlati et al., 2010) . Although study results are conflicting, normalization has generally been considered necessary for a treatment response to depression. Previous studies of antidepressant therapy in MDD found that elevated levels of IL-6 normalized or significantly reduced following successful antidepressant treatment (Basterzi et al., 2005; Frommberger et al., 1997; Hiles et al., 2012; Lanquillon et al., 2000; Sluzewska et al., 1995) . In contrast, IL-6 levels remained significantly elevated in partial and non-responder subgroups in some studies (Sluzewska et al., 1995; Lanquillon et al., 2000) . The hypothesis that ECT would result in normalization of IL-6 levels, or at least a significant reduction, was not supported in our study despite a high ECT response rate. It is possible that repeated measurements one week post ECT series completion may have shown more of a trend towards normalisation (in keeping with the findings of Hestad et al, 2003) ; however the fact that clinical response had occurred by this point implies that any further change in cytokine levels would not have been causative of clinical effect.
One interpretation of this finding is that abnormalities of proinflammatory cytokines may not be central to the pathophysiological processes of melancholic depression, but that they may constitute secondary epiphenomena; and may account for medical co-morbidities in depressed populations. Elevated IL-6 levels are associated with an increased risk of cardiovascular events, with stronger evidence existing for elevated CRP levels (Ridker et al., 2000; Frasure-Smith et al, 2007; Haverkate et al, 1997; Whooley et al, 2007; Danesh et al., 2004; . A prospective study showed that elevated levels of CRP and IL-6 predict the development of type 2 diabetes mellitus (Pradhan et al., 2001 ). These data support a possible role for inflammation in atherogenesis and diabetogenesis. Given that the highly efficacious treatment of ECT failed to significantly reduce IL-6 levels, this may suggest that depression is associated with systemic pathology and that the mood component is but one manifestation of a broader, more complex psychoneuroimmunological disturbance.
Another interpretation is that normalisation of cytokine levels may not be necessary for clinical response to ECT. Emerging evidence of the relationship between immunoactivation and neurotropins, has led to a hypothesis that raised inflammatory markers in depressed patients may be secondary to low levels of neurotropins; and that activation of the innate immune system after each ECT session stimulates release of neurotropins, leading to eventual clinical response and then resolution of inflammation (van Buel et al, 2015) . If this hypothesis is correct, clinical response would be predicted to occur prior to normalisation of cytokine levels, as occurred in the present study. However, as our study was not designed to repeat cytokine levels beyond 48 hours post ECT series completion, we cannot determine if normalisation of IL-6 did indeed occur at a later point.
Implications of low levels of TGF-β
TGF-β is a regulatory cytokine (Th3) that is thought to maintain the Th1 (proinflammatory) and Th2 (anti-inflammatory) balance, and plays an important role in oral tolerance (Blobe et al., 2000; Weiner, 2000) . In our study, basal TGF-β levels were lowered in melancholic depression and did not change in response to ECT treatment. Other studies also found lowered basal TGF-β levels in depressed patients, but the levels increased significantly after 8 weeks of treatment with an antidepressant (Myint et al., 2005; Sutcigil et al., 2007) . Myint et al. (2005) showed that the Th1/Th3 ratio was higher in depressed patients and that TGF-β levels were inversely correlated with HAM-D scores, proposing that antidepressants react through the regulatory effect of TGF-β on the Th1 and Th2 balance. In comparison, Kim et al. (2007) demonstrated an increase in basal TGF-β levels that reduced with antidepressant treatment, while Lee et al. (2006) uncovered no difference between levels in control and depressed samples, but did detect a significant increase in TGF-β levels with antidepressant treatment. Clearly, the precise role of TGF-β in depression and treatment response warrants further clarification. Increased TGF-β production correlates with the resolution of inflammatory responses, particularly in organ specific autoimmune diseases (Prud'homme and Piccirillo, 2000) . TGF-β also has a crucial regulatory function in cell cycles (Blobe et al., 2000) , and is thought to be neuroprotective in ischaemic lesions (Ruocco, 1999; Vivien and Ali, 2006; ) and multiple other processes through its anti-inflammatory, -apoptotic, andexcitotoxic actions (Dobolyi et al., 2012) . In the present study, patients demonstrated reduced TGF-β levels pre-as well as post-ECT, which could potentially lead to medical comorbidity.
Roles of IL-10, TNF-α and CRP
The present study did not find a role for the anti-inflammatory and immunoregulatory cytokine IL-10 in relation to melancholia or response to ECT. The data on IL-10 changes in MDD is varied: studies have found both increased (Simon et al., 2008) and decreased (Dhabhar et al., 2009 ) levels compared to controls, while others have found no group differences (Huang and Lee, 2007; O'Brien et al., 2007) . Consistent with the cytokine theory of depression, studies report increased levels of TNF-α in MDD, with a reduction upon recovery (Raison et al., 2006; Miller et al., 2009; Dowlati et al., 2010) . Our study failed to find any differences in TNF-α levels between healthy and depressed subjects in keeping with a small study of ten elderly depressed females (Brambilla and Maggioni, 2007) . Furthermore, our finding that TNF-α levels did not change in response to ECT contrasted to the findings of Hestad et al (2003) , where TNF-α was markedly raised in depressed patients compared to controls, and that clinical improvement with ECT correlated with a decline in TNF-α levels, with levels comparable to controls by the study's end (Hestad et al., 2003) . Finally, the present study did not detect any significant changes in CRP related to MDD or ECT, in keeping with one previous study (Giltay et al., 2008) , but in contrast with several other reports of increased positive acute phase proteins such as CRP in patients with active and remitted MDD (Howren et al., 2009; Kling et al., 2007; O'Brien et al., 2006) .
LIMITATIONS
The present study has several limitations, mainly relating to its naturalistic design. The effect of the various ECT parameters -including the number of sessions, electrical dosage, electrode placement, and the duration of the seizure -was not explored in relation to cytokine change. The study sample was relatively small, and cytokine measurements were only performed after the first and last ECT treatments. Patients were not taken off antidepressants or other psychotropic medications prior to ECT, which may have influenced levels of cytokine variables (Hiles et al., 2012) . Additionally, the differentiated effects of ECT treatment versus medication cannot be determined, as there was no medication free sample receiving ECT. The naturalistic study design, coupled with the small sample size, limits causal inferences regarding the relationship between cytokine abnormalities and melancholic major depression or the mechanism of action of ECT. Our study could not control for lifetime stress exposure or acute stress precipitated by the ECT procedure; nor could our study control for the effects of adverse lifestyle factors known to alter immune function, such as smoking, obesity, exercise and sleep (Hamer et al., 2009 ). Finally, our study was not designed to repeat cytokine levels beyond 48 hours after ECT series completion, and further reduction in levels cannot be ruled out, as discussed above.
CONCLUSIONS
The present data provide evidence for immune dysfunction in a well-defined sample of melancholic major depressed patients that is not correlated with clinical recovery despite the prominent antidepressant effect of ECT. Hence, our results do not support the supposition that remission of a depressive episode is associated with normalization of circulating levels of inflammatory markers. Elucidating the mechanisms for the increase in the proinflammatory IL-6 and the decrease in the regulatory cytokine TGF-β may lead to new insights into the pathophysiology and pharmacological treatment of MDD. The relevance of the identified immune dysfunction for the mental and physical health of the melancholic depressed population remains unclear and warrants investigation in future longitudinal studies. The acute increases in cytokines following ECT, and clinical response in the absence of normalisation of cytokine levels, may be consistent with a hypothesis that clinical effect of ECT is mediated through activation of immune system and hence stimulation of neurotropins, however further studies are needed to investigate this directly. In sum, our data supports the conceptualization of depression as a psychoneuroimmunological disturbance.
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Figures show median levels of the inflammatory markers interleukin-6 (IL-6) (1A) and transforming growth factor-beta (TGF-β) (1B) in controls compared to patients with melancholic major depression. Patients with melancholic major depression had significantly higher levels of IL-6 than controls (U = 452, Z = −2.661, P = 0.008) and significantly lower levels of TGF-β than controls (U=324, Z= −2.064, P=0.039). 
